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ditis are quite low at 0.47%/person-years. This is consistent
with previous reports14 and is significantly lower than the
1% to 2%/patient-years incidence of thromboembolic
complications in patients receiving prosthetic valves.15,16
In addition, mechanical heart valves have the added risk
and inconvenience of anticoagulation-related complica-
tions. However, longer-term follow-up in larger patient co-
horts is necessary to truly establish the role of AV repair in
patients with cusp prolapse.
LIMITATIONS
This is a single center study in which techniques and in-
dications for AV repair have evolved over the past 15 years.
Echocardiographic review, although blinded, was per-
formed in a retrospective manner. Furthermore, not all of
the follow-up echocardiographic studies were performed
at the authors’ institution and some lacked important quan-
titative and qualitative parameters that could give important
insight into mechanisms of repair failure and recurrent AI.
CONCLUSIONS
Isolated cusp prolapse causing AI is an uncommon entity
that is amenable to valve repair. Careful echocardiographic
and intraoperative identification of cusp prolapse is critical
for successful repair for both isolated lesions as well as
those associated with ascending aortic disease. Important
lessons from the study of isolated cusp prolapse can be
translated to patients having AV-sparing operations. Out-
come after AV repair in this setting is durable in the mid
term and is associated with a low incidence of valve-
related complications.
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Dr Marc R. Moon (St Louis, Mo). Dr Boodhwani, I would like
to congratulate you and your coauthors on achieving a very sys-
tematic approach and developing an excellent program in AV
repair. These are very challenging patients historically to treat. I
do have a few questions and comments that I thinkmay help clarify
some of your presentation.
During this period, did you also have a set of patients with cusp
prolapse on whom you performed AV replacement? If so, how did
you determine who needed a replacement and who underwent
a repair? For example, in patients who had some calcium on a leaf-
let, which is very common, obviously, in elderly patients, did you
debride the calcium and then perform a leaflet repair or did those
patients all get a valve replacement?
In your manuscript you discuss performing a limited echocar-
diographic evaluation of the valve before closing the aorta. This
is done after completing the proximal portion of a Tirone David
procedure, for example, and then insufflating the root and doing
an echocardiogram. I think that my anesthesiologist may have
a difficult time getting those images, especially when the left
ventricle is empty. How often was your anesthesiologist able to
get those images, were they most often successful, and were there
any tricks or techniques you can recommend to improve the yield?
Your study group also consisted of only patients with tricuspid
valve disease. You reported during that same time period you had
over 80 bicuspid valves. Without knowing all the exact numbers,
can you give us an impression as to whether you were able to
achieve equal success with those patients as well.
Finally, in the abstract and your presentation and manuscript
you refer to the 8-year freedom from reoperation rate as 100%
in the isolated and 93% in the associated group. From your presen-
tation, we would have thought you achieved perfection with this
procedure in the isolated group at least. It is my belief that in the
presentation it might have been a little more fair to present your
10-year rate, which probably approximated 90%—still an
excellent result but I think probably better representing your data.
Dr Boodhwani. Thank you, DrMoon. Those are very insightful
comments.rdiovascular Surgery c Volume 141, Number 4 923
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greatest benefit in younger patients who would typically undergo
otherwise a mechanical AV replacement and have the cumulative
burden of the valve-related morbidity that occurs with that. Thus
elderly patients, particularly those in whom cusp quality is not ad-
equate, are not typically candidates for AV repair. Having said that,
this series also represents a 13-year experience and over that expe-
rience the practice has invariably evolved. It has evolved now to
the point that most patients who have isolated AI are considered
a priori as being candidates for repair. If intraoperatively or on
the pre-repair transesophageal echocardiogram we find aspects
of the valve that would not be amenable to repair, then those valves
are replaced, because we have really quite good prostheses avail-
able and good results with valve replacement.
The second question was regarding the limited echocardio-
graphic view. The one adjunctive maneuver that can be done to
try to fill up the heart a little bit more is to clamp the left ventricular
vent. However, frankly, that is a difficult view to obtain and it has
taken a lot of practice for the echocardiographers at our institution
to actually obtain that view. Often it is not a complete view of the
valve, mind you, but it is a view looking at the long axis of the AV
as it goes into the left ventricular outflow tract. You are looking for
major jets of AI, and that gives you a clue as to whether your repair
is going to be a complete failure or whether it is going to be some-
thing acceptable. It is not a complete echocardiographic assess-
ment by any means.
The third comment was regarding the tricuspid versus bicuspid
issue. We actually presented the results of our bicuspid AV repair
last year at this meeting and the article is currently in press. The
reason we did not include this group in this particular setting is
that bicuspid AVs often present with mixed disease. There is
some cusp restriction often owing to restrictive raphe along with
prolapse, and it would not be fair to include those valves in the
same category as these valves. Certainly another important differ-
ence is that the techniques used for bicuspid AVs are quite signif-
icantly different; because a lot of thickened, sometimes calcified,
raphe tissue needs to be excised, sometimes a pericardial patch
needs to be used to restore adequate coaptation surface. For that
reason we decided to keep this population separate.
Last, I agree with you entirely about the freedom from reopera-
tion at 8 years. The reason we did not include 10-year data is that
there were actually very few patients left at the 10-year mark. As
a general rule, we truncated our reported follow-up rate at a point
where we had at least 10% to 15% of the cohort still being cen-
sored. That is the reason that the 8-year follow-up appears perhaps
a little overstated.
Dr Robert J. Cusimano (Toronto, Ontario, Canada). I am cu-
rious about the reasons for failure later on. Was it the same leaflet
that you fixed that failed or different leaflets?
Dr Boodhwani. Good question. There were 4 reoperations in
the series. One occurred because of mixed stenosis and insuffi-
ciency. One occurred because of moderate AI but an aorta–right
ventricular fistula that was found during follow-up; this may
have been related to a subcommissural annuloplasty suture, and
that was the second patient who underwent reoperation. The 2 ad-
ditional patients who underwent reoperation were both treated for
AI, but we did not have documentation of whether it was a repaired
cusp that was again prolapsing. I am afraid I cannot answer that.924 The Journal of Thoracic and Cardiovascular SurgDr Cusimano. Do you know by echocardiography?
Dr Boodhwani. I do not have that information, unfortunately.
Dr Yutaka Okita (Kobe, Japan). Regarding size of the aorta,
sometimes I believe it is easier to replace the whole root, even in
mild dilatation. What was the mean diameter size of the isolated
group or Valsalva size, and what was the annular size of the other
associated group?
Dr Boodhwani. In the associated group, the question is a little
easier to answer. The maximum diameter of the aorta was 51
mm. In the isolated group, not all patients underwent systematic
imaging to assess the size of the aorta at the various points. Suf-
fice it to say that our approach in general for replacement of the
aortic root is, if the aortic root is definitely greater than 4.5 cm, it
is replaced. If it is less than 4.5 but there is significant thinning of
the aortic root tissue, then we also take an aggressive approach
and replace it.
Again, I want to emphasize one more time that one of the other
reasons to replace the root in this setting, other than the complica-
tions of dissection and rupture that we all worry about, is to stabi-
lize the aortic annulus in the setting of a repair. This is more true in
the bicuspid than in the trileaflet valve, but the bicuspid annuli tend
to dilate over time and the stabilization is more secure with a root
replacement procedure.
Dr Bansi Koul (Lund, Sweden). I would like to congratulate
you for an excellent presentation. We are grateful to your group
for providing us continually with the technical knowledge of AV
repairs. We have learned a lot from your group.
One of the problems that I have encountered in tricuspid valve
repairs is when more than 1 cusp is engaged. You made a brief
remark that the remaining third nonprolapsed cusp remains the
reference cusp for repair of the other 2. Could you comment a little
more on this, because nonadjoining halves of the 2 prolapsing
cusps lack a reference cusp. How do you decide about cusp repair
in this situation?
Dr Boodhwani. That is a very good question. What is done in
that situation is that the 7–0 Prolene polypropylene that is used
to pass through the 2 reference cusps is passed through a single
reference cusp, and we start with 1 prolapsing cusp. You pull the
prolapsing cusp along the margin of the reference cusp and you
take your 6–0 Prolene polypropylene by going from the aortic to
the ventricular side, and then you take advantage of symmetry.
For example, if you see the nodule of Arantius and you have taken
your first bite about 2 mm on one side, you are going to take your
bite coming out again 2 mm from the center. Once you have done
that maneuver, you have 2 corrected cusps and then you can correct
the third cusp as was described earlier. Particularly when 3 cusps
are prolapsing, this is a real challenge, and this is where it becomes
more of an art than a science and requires some eyeballing.
Dr Henning F. Lausberg (Trier, Germany). I congratulate you
on excellent results. You are probably aware that a couple of years
ago the Homburg group from Germany introduced effective height
as a point of reference. This is a little more of a measuring
procedure than is eyeballing the relative length of the cusps. Do
you use any of those techniques? Right now, measuring devices
are also commercially available. Especially if you are doing
some root replacement procedures, you might induce some kind
of symmetric prolapse. I would like to get your explanation on
how you deal with that.ery c April 2011
Boodhwani et al Acquired Cardiovascular DiseaseDr Boodhwani. I think that is a very good question.We are very
familiar with the work of the Homberg group who have come up
with a device to measure effective cusp height. There are advan-
tages and disadvantages to it. It is a useful adjunct in AV repair sur-
gery. If you achieve aminimum effective cusp height greater than 8
mm, you have largely restored reasonable coaptation surface. OneThe Journal of Thoracic and Cacaveat, however, is that often eccentric AI is not due to absolute
cusp prolapse but due to relative prolapse. It is not just the absolute
effective height that would be measured by an instrument like this
that is important, but the relative height compared with the other
cusps. So that is one caveat that I would offer, but that is an accept-
able way of assessing appropriate correction of cusp prolapse.rdiovascular Surgery c Volume 141, Number 4 925
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